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WHAT IS CLAIMED IS: 



A demodulator cc 
a multiple diffe 
unit which calculates 



greater than 2) symbols 

results as 1, 2, *** , I 
signals; and 

a soft decision 



mprising: 

rential phase detected signal output 
phase differences between a received 



5 signal and received sig lals of 1, 2 , •■* , N (where N is an integer 



before so as to output the calculated 
I symbol differential phase detected 



modulated data estimating unit which 
10 estimates a transmittedjdif f erential phase sequence according 
to the 1, 2, . . . , N symboll differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
15 according to the estimated transmitted differential phase 
sequence and survival patfi metric that transit into each state 
on the trellis diagram. 



2 . 



The demodulator acc< 



20 that in said soft decision 



a bit corresponding to the differential phase composing 



a state having minimum/ma 



trellis diagram is hard decision data, 



a difference between 



rding to claim 1, characterized in 
demodulated data estimating unit, 



ximum survival path metric on the 



survival path metric that transit 



25 into a state having minimum/ maximum survival path metric and 
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one that trans 



it into anci 



ther state which has minimum/maximum 



survival path metric in 
phase corresponding to t 
decision data are used as 
of the hard decision da 



the states composed the differential 
e bits obtained by inverting the hard 
components is reliability information 
:a; 



the soft decision demodulated data are generated 



according to the hard 
information . 



.0 



A demodulator comprising: 



a multiple diffei 



decision data and the reliability 



15 



ential phase detected signal output 
unit which calculates ihase differences between a received 
signal and received signals of 1 , 2 , *** , N (Where N is an integer 

before so as to output the calculated 
symbol differential phase detected 



greater than 2) symbols 

results as 1, 2, ** , ^ 
signals ; 

a power detection 
signal; and 

a soft decision d 



jnit which detects power of the received 



20 



emodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis di4gram representing transitions of 
differential phase statjes of transmitted signals and Viterbi 



algorithm, and estima 



25 



es soft decision demodulated data 



according to the estimated transmitted differential phase 
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10 



15 



20 



25 



sequence, survival path 
on the trellis diagram 
4 . The demodulator a 



metric that transit into each state 
and the power. 

:cording to claim 3, wherein in said 
soft decision demodulated data estimating unit, 

a bit corresponding to the differential phase composing 
a state having minimum/fmaximum survival path metric on the 
trellis diagram is harm decision data, 

a difference between a survival path metric that transit 
into a state having minlimum/maximum survival path metric and 
one that transit into another state which has minimum/maximum 
survival path metric in the states composed the differential 
phase corresponding to/the bits obtained by inverting the hard 
decision data are usefl as components is multiplied by power 
so that the multiplied result is reliability information of 



the hard decision da 

the soft dec 
according to the h 
information . 

A demodulator 
a multiple di 
unit which calculat 
signal and received s 
greater than 2) symb 
results as 1, 2, 



:a, 

ision demodulated data are generated 
rd decision data and the reliability 




comprising : 

ferential phase detected signal output 
s phase differences between a received 
gnals of 1 , 2 , ••■ , N (Where N is an integer 
Is before so as to output the calculated 
N symbol differential phase detected 
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hich multiplies the detected power 



signals ; 

a power detection unitlwhich detects power of the received 
signal ; 

a p-multiplying unit 
5 by p; and 

a soft decision demotiulated data estimating unit which 
estimates transmitted dif/f erential phase sequence according 
to the 1,2, . . . , N symbol /differential phase detected signals 
using a trellis diagpam representing transitions of 
10 differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival patp metric that transit into each state 
on the trellis diagrampnd the p-multiplied value of the power, 

15 

6. The demodulatot according to claim 5, wherein in said 
soft decision demodulated data estimating unit, 

a bit corresponding to the differential phase composing 
a state having minimum/maximum survival path metric on the 

20 trellis diagram is hard decision data, 

a difference between a survival path metric that transit 
into a state having minimum/maximum survival path metric and 
the one that /transit into another state which has 
minimum/maximum survival path metric in the states composed 

25 the differential! phase corresponding to the bits obtained by 
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inverting the hard decision data are used as components is 
multiplied by the p-multipJied value of the power so that the 
multiplied result is reliability information of the hard 
decision data, / 
5 the soft decision demodulated data are generated 

according to the hard /decision data and the reliability 
information. / 

^ I 

fl . A receiver which/receives data from a transmitter, said 

10 receiver comprising: / 

a multiple differential phase detected signal output 
unit which calculates phase differences between a received 
signal and received feignals of 1, 2, ' , N (Where N is an integer 
greater than 2) symbols before so as to output the calculated 

15 results as 1, 2, /***, N symbol differential phase detected 
signals; / 

a soft decision demodulated data estimating unit which 
estimates a transmitted differential phase sequence according 
to the 1,2, . . ./, N symbol differential phase detected signals 

20 using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to/ the estimated transmitted differential phase 
sequence and/survival path metric that transit into each state 

25 on the trellis diagram; and 
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a decoding unit which decades the original transmitted 
data based on the soft decision demodulated data. 



5 * A receiver which receivjes data from a transmitter, said 
receiver comprising : 

a multiple differential phase detected signal output 
unit which calculates phase differences between a received 
signal and received signalfe of 1, 2 , , N (Where N is an integer 
10 greater than 2) symbols bfefore so as to output the calculated 

results as 1, 2, ••• , N /symbol differential phase detected 
signals ; 

a soft decision demodulated data estimating unit which 
estimates a transmittea differential phase sequence according 
15 to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis piagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the Estimated transmitted differential phase 
20 sequence and survi/val path metric that transit into each state 
on the trellis diagram; and 

an interleaving unit which interleaves the soft decision 
demodulated data according to a predetermined algorithm; and 
a decodin'g unit which decodes the original transmitted 
25 data based on the soft decision demodulated data after the 
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s data from a transmitter, said 



interleaving . 

^} . A receiver which receive 
receiver comprising : 
5 a multiple differential phase detected signal output 

unit which calculates phase differences between a received 
signal and received signals Jof 1 , 2 , * , N (Where N is an integer 
greater than 2) symbols before so as to output the calculated 

results as 1, 2, N symbol differential phase detected 

10 signals; 

a power detection ur/it which detects power of the received 
signal ; 

a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 

15 to the 1,2, . . . , N symbjbl differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the es/timated transmitted differential phase 

20 sequence, survival £>ath metric that transit into each state 
on the trellis diagram and the power; and 

a decoding unit which decodes the original transmitted 
data based on the /soft decision demodulated data. 
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A receiver which receives data from a transmitter, said 
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receiver comprising : 

a multiple differential phase detected signal output 
unit which calculates phase/ differences between a received 
signal and received signals of 1, 2 , ••• , N (Where N is an integer 
5 greater than 2) symbols before so as to output the calculated 

results as 1, 2, N syijnbol differential phase detected 

signals ; 

a power detection unijb which detects power of the received 
signal ; 

10 a soft decision demodulated data estimating unit which 

estimates transmitted differential phase sequence according 
to the 1, 2, . . . , N symbol; differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase staues of transmitted signals and Viterbi 

15 algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 
on the trellis diagi/am and the power; and 

an interleaving unit which interleaves the soft decision 

20 demodulated data according to a predetermined algorithm; and 
a decoding unit which decodes the original transmitted 
data based on the/ soft decision demodulated data after the 
interleaving . 
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1//. A r 



eceiver/which receives data from a transmitter, said 
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receiver comprising: / 

a multiple differential phase detected signal output 
unit which calculates phase differences between a received 
signal and received signals of 1, 2 , ••• , N (Where N is an integer 
5 greater than 2) symbols fcef ore so as to output the calculated 

results as 1, 2, ••• , M symbol differential phase detected 
signals; / 

a power detecticm unit which detects power of the received 
signal; / 

10 a p-multiplyimg unit which multiplies the power by p; 

a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1,2, . . . , N/symbol differential phase detected signals 
using a trellis diagram representing transitions of 

15 differential phase states of transmitted signals and Viterbi 
algorithm, and / estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 

on the trellis diagram and the p-multiplied value of the power ; 
2 0 and / 

a decoding unit which decodes the original transmitted 
data based /on the soft decision demodulated data. 




A receiver which receives data from a transmitter, said 



25 receiver comprising: 
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a multiple differential ppase detected signal output 
unit which calculates phase differences between a received 
signal and received signals of y, 2 , , N (Where N is an integer 
greater than 2) symbols before? so as to output the calculated 

5 results as 1, 2, * * , N symbol differential phase detected 
signals; / 

a power detection unit which detects a power of the 
received signal; / 

a p-multiplying uryit which multiplies the power by p; 

10 a soft decision demodulated data estimating unit which 

estimates transmitted cflif f erential phase sequence according 
to the 1, 2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase s/tates of transmitted signals and Viterbi 

15 algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 

on the trellis diagram and the p-multiplied value of the power ; 
and / 

20 an interleaving unit which interleaves the soft decision 

demodulated dat/a according to a predetermined algorithm; and 
a decoding unit which decodes the original transmitted 
data based on/ the soft decision demodulated data after the 
interleaving / 

25 / 
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y§ . A communication system qomprising a transmitter for 
transmitting a data and a receiver for receiving the data, 
wherein 

said transmitter having, 
5 a convolutional coding pnit which convolutional encodes 

the transmitted data; 

a converting unit which converts the convolutional-coded 
data into a transmission differential phase; 

a differential coding unit which differential encodes 
10 the transmission dif f ereritial phase and maps the differential 
encoded data to the sicpal phases; and 

a transmission signal generation/output unit which 
generates/outputs a differential phase modulated signal based 
on the transmission signal phase, 
15 said receiver /having, 

a multiple differential phase detection signal output 
unit which calculates phase differences between a received 
signal and received signals of 1 , 2 , , N (Where N is an integer 
greater than 2) symbols before so as to output the calculated 

20 results as 1, 2/, N symbol differential phase detected 

signals ; 

a soft de'cision demodulated data estimating unit which 
estimates a transmitted differential phase sequence according 
to the 1,2, . / . , N symbol differential phase detected signals 
25 using a tifellis diagram representing transitions of 
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differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence and survival path metrip that transit into each state 
on the trellis diagram; and 

a decoding unit which defcodes the original transmitted 
data based on the soft decision demodulated data. 



10 1,4. A communication system comprising a transmitter for 
^ / 

transmitting a data and ^ receiver for receiving the data, 
wherein 

said transmitter having, 

a convolutional coding unit which convolutional encodes 
15 the transmitted of the data; 

a first interleaving unit which interleaves an order 
of the convolutional-/coded data according to a predetermined 
algorithm; 

a converting /unit which converts the interleaved data 
20 into a transmission differential phase; 

a differential coding unit which differential encodes 
the transmission differential phase and maps the differential 
encoded data to /the signal phases; and 

a transmi/ssion signal generation/output unit which 
25 generates/outputs a differential phase modulated signal based 
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on the transmission signal phase, 
said receiver having, / 

a multiple diff erential / phase detected signal output 
unit which calculates phase differences between a received 
5 signal and received signals of 1 , 2 , *** , N (Where N is an integer 
greater than 2) symbols before so as to output the calculated 

results as 1, 2, *•* , N symbol differential phase detected 

signals; / 

a soft decision demodulated data estimating unit which 
0 estimates a transmitted differential phase sequence according 

to the 1,2, . . . , N symbol /diff erential phase detected signals 

using a trellis diagram representing transitions of 

differential phase sta*bes of transmitted signals and Viterbi 

algorithm, and estimates soft decision demodulated data 
5 according to the estimated transmitted differential phase 

sequence and survival/path metric that transit into each state 

on the trellis diagram; and 

a second interleaving unit which interleaves the soft 

decision demodulated data according to a predetermined 
0 algorithm; and / 

a decoding unit which decodes the original transmitted 

data based on thfe soft decision demodulated data after the 

interleaving. / 



A communication system comprising a transmitter for 
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transmitting a data and a receiver for receiving the data, 
wherein 

said transmitter havind, 

a convolutional coding unit which performs convolutional 
5 encodes the transmitted of the data; 

a converting unit whichrconverts the convolutional-coded 
data into a transmission d/Lf f erential phase; 

a differential coding unit which differential encodes 
the transmission dif f erential phase and maps the differential 
10 encoded data to the sigryal phases; and 

a transmission signal generation/output unit which 
generates/outputs a differential phase modulated signal based 
on the transmission sijgnal phase, 

said receiver having, 
15 a multiple differential phase detected signal output 

unit which calculates phase differences between a received 

signal and received s/ignals of 1, 2 , •* , N (Where N is an integer 
greater than 2) symbfols before so as to output the calculated 

results as 1, 2, m y , N symbol differential phase detected 
20 signals; 

a power detection unit which detects. power of the received 
signal ; 

a soft deci/sion demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
25 to the 1, 2, ... ,/N symbol differential phase detected signals 
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using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
algorithm, and estimates soft / decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric /that transit into each state 
on the trellis diagram and the/ power; and 

a decoding unit which degodes the original transmitted 
data based on the soft decisi/on demodulated data. 
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A communication system comprising a transmitter for 



transmitting a data and a receiver for receiving the data, 
wherein 

said transmitter haying, 

a convolutional codi/ng unit which convolutional encodes 
15 the transmitted data; 

a first interleaving unit which interleaves an order 
of the convolutional-coped data according to a predetermined 
algorithm; 

a converting unit which converts the interleaved data 
20 into a transmission differential phase; 

a differential/ coding unit which differential encodes 
the transmission differential phase and maps the differential 
encoded data to the signal phases; and 

a transmission signal generation/output unit which 
25 generates/outputs a differential phase modulated signal based 
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on the transmission signal phase, 
said receiver having,! - 

a multiple differential phase detected signal output 
unit which calculates phase differences between a received 
signal and received signals/of 1 , 2, -*-,N (Where N is an integer 
greater than 2) symbols before so as to output the calculated 
results as 1, 2, * * , N symbol differential phase detected 
signals ; 

a power detection u/iit which detects power of the received 
signal ; 

a soft decision demodulated data estimating unit which 
estimates transmitted/dif f erential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase sftates of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival/ path metric that transit into each state 
on the trellis dijagram and the power; and 

a second interleaving unit which interleaves the soft 
decision demodulated data according to a predetermined 
algorithm; and 

a decoding unit which decodes the original transmitted 



data based on t 
interleaving . 



Le soft decision demodulated data after the 
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A communication system comprising a transmitter for 



transmitting a data and a receiver for receiving the data, 
wherein 



it which performs convolutional 



said transmitter having 

a convolutional coding ui 
encodes the transmitted datai 

a converting unit which converts the convolutional-coded 
data into a transmission differential phase; 

a differential coding/unit which differential encodes 
the transmission differential phase and maps the differential 
encoded data to the signal/ phases ; and 

a transmission signjal generation/output unit which 
generates/outputs a differential phase modulated signal based 
on the transmission signafa. phase, 

said receiver having, 

a multiple differential phase detected signal output 
unit which calculates phase differences between a received 
signal and received signals of 1 , 2 , ■•■ , N (Where N is an integer 
greater than 2) symbols liefore so as to output the calculated 

results as 1, 2, •**, N / symbol differential phase detected 
signals ; 

a power detection ifmit which detects power of the received 
signal ; 



a p-multiplying 



jnit which multiplies the power by p; 



a soft decision demodulated data estimating unit which 
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estimates transmitted differential] phase sequence according 
to the 1, 2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase states of transmitted signals and Viterbi 
5 algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric tmat transit into each state 
on the trellis diagram and the p-n/ultiplied value of the power ; 
and 

10 a decoding unit which dedodes the original transmitted 

data based on the soft decision demodulated data. 

A communication syste/n comprising a transmitter for 

/ 

transmitting a data and a i/eceiver for receiving the data, 
15 wherein 

said transmitter haying, 

a convolutional codi/ng unit which convolutional encodes 
the transmitted data; 

a first interleavi/ng unit which interleaves an order 
20 of the convolutional-coded data according to a predetermined 
algorithm; 

a converting unit which converts the interleaved data 
into a transmission differential phase; 

a differential coding unit which differential encodes 
25 the transmission differential phase and maps the differential 
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15 



20 



25 



encoded data to the signal phases; and 

a transmission signal generation/output unit which 
generates/outputs a differential phase modulated signal based 
on the transmission signal pl/ase, 

said receiver having, 

a multiple differential phase detected signal output 
unit which calculates phase/ differences between a received 
signal and received signals ©f 1 , 2 , , N {Where N is an integer 
greater than 2) symbols bef/ore so as to output the calculated 
results as 1, 2, N symbol differential phase detected 

signals ; 

a power detection un/it which detects power of the received 
signal ; 

a p-multiplying uhit which multiplies the power by p; 
a soft decision demodulated data estimating unit which 
estimates transmitted differential phase sequence according 
to the 1,2, . . . , N symbol differential phase detected signals 
using a trellis diagram representing transitions of 
differential phase st/ates of transmitted signals and Viterbi 
algorithm, and estimates soft decision demodulated data 
according to the estimated transmitted differential phase 
sequence, survival path metric that transit into each state 
on the trellis diagram and the p-multiplied value of the power; 



and 



a second inte 



rleaving unit which interleaves the soft 
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decision demodulated datp. according to a predetermined 
algorithm; and 

a decoding unit whidh decodes the original transmitted 
data based on the soft decision demodulated data after the 
interleaving . 
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